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ES           

Executive Summary  
In early 2018, NMR Group, Inc., fielded a Residential Appliance Saturation Survey (RASS) study 

using 900 web surveys and 75 follow-up on-site verification visits with National Grid Rhode Island 

customers. This report provides an overview of the study methodology and an analysis of results. 

We also prepared and delivered an Excel database that included all primary research data points 

and detailed analyses. This report provides a database user guide. We sought to develop an 

inventory of residential end-uses, including appliances, consumer electronics, heating and cooling 

equipment, thermostats, water heating, and building characteristics. We also used the on-site 

verification visit data to conduct a mini-split heat pump (MSHP) technical feasibility analysis. 

Additionally, we used the visits to collect lighting data for an upstream program net-to-gross 

analysis, but we analyzed those results in a separate report. 

METHODOLOGY 

Here we summarize the research methodology described in Section 2: 

Topics. The web survey asked about appliances, consumer electronics, HVAC, water heating, 

building characteristics, demographics, and program participation. The on-site visits took place 

for a subset of web survey respondent households and verified select self-reported data and 

collected additional information on various end uses, including lighting, shell characteristics, 

efficiency levels, and ages. 

Sampling and fielding. We pulled a sample frame of 10,000 customers from National Gridôs 

residential customer database of over 400,000 customers. Between March 27 and April 30, 2018, 

we sent 10,000 letters to National Grid customers inviting them to respond to the web survey and 

then followed up with reminder emails. We provided respondents with a $10 Amazon gift card for 

completing the survey. We completed 900 web surveys and 75 on-site verification visits. 

Weighting. The sample overrepresented customers with higher levels of education (Section 5) 

and those who participated in a National Grid program since 2015 (Appendix D). Using an iterative 

proportional (raking) approach, we developed weight factors that accounted for these two 

parameters along with dwelling and fuel types.  

Adjustment factors. Using self-reported (web-survey results) and observed (on-site results) end-

use equipment, we developed adjustment factors ï ratios ï to correct self-reported data. We 

applied adjustment factors in cases where on-site verified results differed statistically significantly 

from the web-survey results at the 90% confidence level. 

Database development. NMR combined the web-survey and on-site verification data as well as 

anonymized respondent billing data in an Excel database. NMR designed the database to provide 

additional details and breakdowns not presented in this report. Appendix E (provided separately) 

includes a database user guide. 

Below, we present the key findings. 
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HEATING AND COOLING 

Section 3.1 details the following heating and 

cooling findings: 

Fuel. The slight majority (51%) of 

customersô primary heating fuel was natural 

gas. While single-family customers were 

next most likely to primarily use fuel oil for 

heating (36%), multifamily customers were 

next most likely to primarily use electric heat 

(33%). 

Boilers. Boilers were the most common 

heating system and were 14 years old, on average across all fuel types. Natural gas boilers were 

most common, with penetration reaching 37%. Oil boilers had the next highest penetration (28%), 

yet they were much more common in single-family (33%) than in multifamily (2%) homes. 

¶ The average rated (not tested) annual fuel utilization efficiency (AFUE) among the boilers 

observed on site was 83 for natural gas boilers (n = 33) and 84 for oil boilers (n = 16).1 

These values are in line with federal standards (80-84) but notably lower than the minimum 

AFUE requirement for National Grid natural gas boiler rebates (90). See Table 6, in the 

body of the report, for more AFUE details.  

Furnaces. Furnaces were the next most common heating system. Natural gas furnaces were 

most common (23%) followed by fuel oil (6%) and propane (2%). Furnaces were 14 years old, on 

average across all fuel types.  

¶ The average rated AFUE among the furnaces observed on site was 85 for natural gas 

furnaces (n = 11), 81 for oil furnaces (n = 3), and 86 for propane furnaces (n = 4). These 

AFUEs are above the federal standard (80), but well below the minimum program 

requirement for natural gas furnaces (95).  

Electric heat sources. The most commonly reported electric heating equipment was space 

heaters (13%) followed by baseboard heaters (11%), central air source heat pumps (3%), and 

MSHPs (2%).  

Cooling. One-fifth of customers have no cooling 

systems. Room air conditioners were the most 

commonly reported cooling systems (59%), followed 

by central air (27%) and MSHP or air source heat 

pumps (5%). Room air conditioners were newer 

than central air conditioners (eight versus 13 years 

old, on average). In accordance with age, the 

average central air conditioner seasonal energy-

efficiency ratio (SEER) was below the federal 

                                                 

1 Note that rated AFUE can and often does differ from tested efficiencies. 
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standard as well (11 versus 13), but the average room air conditioner energy-efficiency ratio 

(EER) was in line with federal standards (10 versus 9-11).  

THERMOSTATS 

Section 3.2 reports these and other 

findings about thermostat penetration 

and usage: 

Programmable. While programmable 

thermostats are in more than one-half 

(51%) of homes, two-fifths of those 

who have them say they do not use the 

programmable features.  

Wireless. Only one in ten homes (9%) 

have adopted smart wireless (Wi-Fi) 

thermostats. 

Settings. Depending on the time of day, customers set their thermostats to between 66°F and 

68°F in the winter, on average. Those who have cooling systems, set their thermostats on average 

to 70°F during the cooling season. Comparing their minimum setpoints to their maximum 

setpoints, customers change their thermostat set points by 3°F on average over the course of 

typical winter day and 1°F on average on a typical summer day. 

WATER HEATING 

Section 3.3 includes details on water heating findings: 

Fuel. Natural gas was the most commonly 

used water heating fuel source (50%) followed 

by electricity (26%), fuel oil (20%), and propane 

(4%). 

System. Water heaters were most often 

natural gas standard tank units (40%), followed 

by standard electric storage tank units (23%).  

Age. While the average age of water heaters 

was only nine years, nearly one in five (17%) 

were 18 years old or older and one-half were 

manufactured before 2011. 

Efficiency. Aside from inefficient tankless coil systems, the average Energy Factor (EF) among 

fossil-fuel based units ranged from 0.61 to 0.91. The average EF among the 12 electric units 

observed on site was 1.07 ï the one heat pump water heater observed on site had an EF of 2.40.  

Heat pump water heaters. Only 1% of homes had heat pump water heaters (HPWHs), but an 

additional one-third (36%) of homes had water heaters installed in locations that could technically 
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readily accommodate a HPWH because they were sufficiently large, warm, and had a drain to 

handle condensate.2 The lack of a drain is the most common reason why a space was not 

currently suitable for a HPWH ï ignoring the drain issue, 56% of spaces would have been suitable 

for a HPWH installation. Nonetheless, we did not estimate the cost-effectiveness of installing 

HPWHs. 

APPLIANCES 

Section 3.4 details these appliance 

results: 

Refrigerators. The average home 

had 1.19 refrigerators, with 16% of 

homes having more than one. 

Fourteen percent of refrigerators 

were new (manufactured after 2012) 

and ENERGY STAR® labeled. The 

average refrigerator was 11 years 

old. 

Dishwashers. Two-thirds (67%) of 

homes had dishwashers. Sixteen 

percent were new and ENERGY 

STAR labeled. The average 

dishwasher was 11 years old. 

Clothes washers and dryers. 

Nearly four-fifths of homes had in-unit clothes washers (78%) and dryers (78%). Fifteen percent 

of clothes washers were new and ENERGY STAR, but only 4% of clothes dryers were. The 

average clothes washer was ten years old and the average clothes dryer was 11 years old. Dryers 

were most often electric ï 64% of customers had electric clothes dryers. Based on self-reported 

data, the average home runs 4.6 loads of laundry per week. 

Dehumidifiers. More than one-quarter (28%) of customers had dehumidifiers, and one-quarter 

of dehumidifiers were new and ENERGY STAR labeled. Where age was discernable, 

dehumidifiers were seven years old, on average (n=24). 

Freezers. Standalone freezers were uncommon (9% penetration); three of nine observed on site 

were new and ENERGY STAR. 

CONSUMER ELECTRONICS 

Section 3.5 details these consumer electronics results: 

                                                 

2 To accommodate HPWHs, rooms must be kept at 50°F in winter, greater than 750 cubic feet in volume, have ceiling 
height of 6.5ô or taller, and have a drain present. 
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Electronics. With high 

penetration levels, the average 

home had 2.13 cell phones, 

2.29 televisions, and 1.31 

laptop computers. Laptop 

computer (81%) penetration 

was particularly high compared 

to desktop computer (44%) 

penetration, with the average 

home owning 0.52 desktop 

computers.  

Advanced power strips. More 

than one-quarter (27%) of 

customers had advanced 

power strips (APS). That 

penetration level was higher 

than initially expected since 

APS are generally considered 

an emerging technology, not often available outside of energy-efficiency programs. The high APS 

penetration is likely attributable to National Gridôs aggressive programs, which have distributed or 

rebated over 80,000 APS in Rhode Island since January 2016.3 While weights account for 

program participation, it is worth noting that downstream participants were over represented in 

the web and on-site survey samples.4 Note, however, APS penetration was high amoung both 

confirmed downstream participants and non-participants (28% versus 25%). As National Grid 

provides incentives for APS devices through its retail program, this may be an indication that 

National Gridôs upstream program efforts are also driving adoption.  

MISCELLANEOUS END-USES 

Photovoltaic (PV) solar panels have not penetrated the market: only 1% of homes have them 

installed. Their average installed capacity was 6.11 kW. One in ten of homes with PV solar panels 

had energy-storage batteries. As shown in Section 3.6, most miscellaneous end-uses, such as 

pools (8%), air purifiers (6%), and electric cars (1%), also had limited penetration. 

BUILDING CHARACTERISTICS 

Section 4 provides details on these results: 

Type, Age, Size. Compared to the population, the web-survey sample oversampled homes in 

buildings with two to four units (33%) and under-sampled single-family detached homes (44%). 

On-site visits more closely resembled the population, with single-family detached homes 

                                                 

3 For perspective, National Grid has roughly 400,000 residential customers in Rhode Island. 
4 We were unable to account for upstream participation as no customer tracking data exist for upstream APS 
participants and customers themselves may have been unaware of participation in upstream programs. 
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comprising more than one-half (53%) of the sample and homes in buildings with two to four units 

comprising roughly one-quarter (23%) of the sample. The population (85%) has a slightly older 

building stock than the web (62%) and on-site (69%) samples, with more homes built before 1990.  

Insulation. While the average R-value for on-site homesô exterior above grade walls is about 9, 

when we group all walls to unconditioned space, including walls to garages, unconditioned 

basements, and so forth, their average R-value drops to about 7. These buffer spaces are often 

inconsistently insulated, resulting in lower overall R-values.   

Windows. Most window glazing was double paned (89%) and most had vinyl frames (64%) ï 

44% of total glazing area across all homes was composed of vinyl-framed double-paned windows. 

About one-fifth (19%) had a low-emissivity coating and less than 4% were filled with insulating 

gas. 

Air infiltration. The majority 

of homes (86%) received the 

two lowest air infiltration 

rankings ï loose or semi-

loose, based on Manual Jôs 

qualitative assessment 

criteria.  

Duct sealing. More than one-

third of ducts are either 

entirely unsealed (13%) or 

sealed to below-average 

standards (24%), again using 

Manual J qualitative 

assessment criteria. 

MINI-SPLIT HEAT PUMP TECHNICAL FEASIBILITY ASSESSMENT 

Our analysis focused on the technical feasibility of MSHP. That is, if it was technically possible 

for a MSHP to be installed in a space to meet heating or cooling needs. Our analysis does not 

consider other factors that might limit the applicability of MSHP such as cost, customer 

preferences or needs (marketability), or any site-specific conditions which may prevent installation 

of MSHP (ownership structures, external zoning restrictions, etc.). 
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